Solar absorption thermal energy storage by Mohd. Senusi, Shahrullizam
vii 
 
 
 
 
 
 
 
TABLE OF CONTENTS 
 
 
CHAPTER TITLE PAGE 
  
                        DECLARATION   
    DEDICATION   
     ACKNOWLEDGEMENTS  
     ABSTRACT     
     ABSTRAK       
     TABLE OF CONTENTS  
     LIST OF TABLES  
     LIST OF FIGURES  
     LIST OF APPENDICES  
    LIST OF SYMBOLS 
 
1 INTRODUCTION 
1.1 Thesis Introduction  
1.2 Objective 
1.3 Scope  
 
2 LITERATURE SURVEY 
2.1 Solar Energy 
2.1.1 Introduction to Solar Energy 
2.1.2 Solar Radiation 
2.1.3 Solar Collectors 
 
ii 
iii 
iv 
v 
vi 
vii 
x 
xi 
xiii 
xiv 
 
1 
1 
2 
2 
 
3 
3 
3 
4 
6 
viii 
 
 
 
2.1.3.1 Flat Plate Collectors 
2.1.3.2 Tracking Collectors 
2.1.3.3 Focusing 
(Concentrating) 
Collectors 
2.1.3.4 Solar Pond Collectors 
2.1.3.5 Photovoltaic (PV) Cells 
2.1.4 Thermal Energy Storage 
2.2 Solar Absorption Refrigeration 
2.2.1 Introduction Solar Absorption 
Refrigeration 
2.2.2 Working Principle of Solar 
Absorption System 
2.2.3 Types of Absorption cooling 
cycle 
2.2.4 Refrigerants 
 
3 MATHEMATICAL MODELING OF 
SOLAR ABSORPTION SYSTEM WITH 
LITHIUM BROMIDE SOLUTIONS 
3.1 Solar Collectors 
3.2 Properties of Water Lithium Bromide 
Solutions 
3.3 Steady Flow Analysis of Water Lithium 
Bromide Systems 
3.4 Practical Problems in Water Lithium 
Bromide Systems 
 
4 RESULT AND DISCUSSION 
4.1 Simulation of Solar Absorption System 
and Thermal Energy Storage 
7 
8 
9 
 
 
10 
11 
12 
20 
20 
 
21 
 
22 
 
25 
 
26 
 
 
26 
27 
 
27 
 
32 
 
 
34 
34 
 
ix 
 
 
 
4.2 Estimating Cooling Loads 
4.3 Solar Radiation 
4.4 Relation of COP over the Generator 
Temperature 
4.5 Minimum Heat Source Temperature for 
LiBr-Water System 
4.6 Thermal Energy Storage 
4.6.1 Hot Water 
4.6.2 Chilled Water 
4.7 Selection of Thermal Energy Storage 
(Exergy Analysis) 
 
5 CONCLUSION AND 
RECOMMENDATION 
5.1 Conclusion 
5.2 Recommendation  
 
 
  REFERENCE 
  Appendix A 
  Appendix B 
  Appendix C 
  Appendix D 
  Appendix E 
 
34 
35 
37 
 
39 
 
40 
40 
42 
43 
 
 
46 
 
46 
47 
 
 
48 
50 
51 
52 
53 
55 
 
    
 
 
 
 
 
x 
 
 
 
 
 
 
 
LIST OF TABLES 
 
 
TABLE NO. TITLE PAGE 
 
2.1 
2.2 
4.1 
 
Costing for thermal Energy Storage 
The Rating for Ice Storage Systems 
Minimum Heat Source Temperature for 
Water Lithium Bromide Vapor Absorption 
System 
 
 
19 
20 
39 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xi 
 
 
 
 
 
 
 
LIST OF FIGURES 
 
 
 
FIGURE NO. TITLE PAGE 
 
2.1 
2.2 
2.3 
2.4 
2.5 
 
2.6 
2.7 
2.8 
2.9 
2.10 
 
 
 
2.10 
2.11 
 
2.12 
2.13 
2.14 
4.1 
 
Solar energy distribution and utilization 
Surface solar radiations 
Solar Flat Collectors 
Various collectors 
Parabolic mirror concentrator of solar 
radiation 
Single surface and equivalent Fresnel lenses 
Solar pond 
Simple PV cell and resistive load 
Storage tank 
Double-octagon diffuser for a cylindrical 
stratified tank: (a) plan view of bottom 
diffusers; (b) 12-in.diameter PVC pipe 
diffuser. 
Solar absorption cooling system 
Vapour absorption refrigeration system with 
solution heat exchange on Duhring plot 
Single Effect Cycle 
Double-lift half-effect Cycle 
Single-Lift Half-Effect Cycles 
Solar Irradiation for Some Cities in Malaysia 
 
4 
5 
7 
8 
9 
 
10 
11 
12 
14 
18 
 
 
 
21 
22 
 
23 
24 
24 
36 
xii 
 
 
 
4.2 
 
4.1 
4.2 
 
4.3 
 
4.4 
4.5 
 
4.6 
Heat Generated by Solar Collector for Kuala 
Lumpur 
Relation of COP over Generator Temperature 
Components Breakdown over Generator 
Temperature 
Components Breakdown over Evaporator 
Load 
Relation of COP over Condenser Temperature
Calculations of Solar Collector and Hot Water 
Storage 
Calculation of Chilled Water Storage 
36 
 
37 
38 
 
38 
 
39 
41 
 
42 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
xiii 
 
 
 
 
 
 
 
LIST OF APPENDICES 
 
 
APPENDIX TITLE 
 
 PAGE 
A 
 
Insulation Factor  ݂ܳ ܣߠ⁄  For Cylindrical 
Water Tanks 
 50 
B Enthalpy-Temperature-Concentration 
Diagram H20-LiBr 
 51 
C Enthalpy-Pressure-Concentration Diagram 
H20-LiBr 
 52 
D Solar Collector factsheet Navitron SFB 20  53 
E User Manual For The Simulation  55 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
xiv 
 
 
 
 
 
 
 
LIST OF SYMBOLS 
 
 
I  - Intensity of radiation arriving at the ground surface from a given  
direction 
zθ   - Azimuth angle between the normal to the surface and the direction  
of the beam 
dN  - The number of the day corresponding to a given date. It is defined  
  as the   number of days elapsed in a given year up to a particular  
  date starting from 1 on 1 January to 365 on 31 December. 
R  - Thermal resistivity of insulation, m2· K/W 
f  - Specified fraction of stored energy that can be lost in time θ  
Q  - Stored energy, J 
A  - Exposed surface area of storage unit, m2 
θ  - Given time period, s 
avgt  - Average temperature in storage unit, °C 
at   - Ambient temperature surrounding storage unit during season when  
it will be heated, °C 
σ  - The atmospheric transmittance for beam radiation, 
A  - Altitude of the observer in kilometers. 
uq  - Useful energy delivered by collector, W 
cA  - Total aperture collector area, 
2m  
tI  - Total (direct plus diffuse) solar energy incident on upper surface of  
sloping collector structure, W/ 2m  
τ  - Fraction of incoming solar radiation that reaches absorbing  
xv 
 
 
 
surface, transmissivity (dimensionless) 
α  - Fraction of solar energy reaching surface that is absorbed,  
absorptivity (dimensionless) 
LU  - Overall heat loss coefficient, W/(m2·K) 
pt  - Average temperature of absorbing surface of absorber plate, °C 
at  - Atmospheric temperature, °C 
RF  - Correction factor, or collector heat removal efficiency factor,  
having a value less than 1.0 
it  - Temperature of fluid entering collector, °C 
Lm  - Mass of anhydrous lithium bromide 
Wm   - Mass of water  
Ln  - Moles of anhydrous lithium bromide 
Wn  - Mole of water  
m&  - Mass flow rate of refrigerant, kg/s 
SSm&  - Mass flow rate of strong solution (rich in LiBr), kg/s 
WSm&   - Mass flow rate of weak solution (weak in LiBr), kg/s 
CT  - Condenser temperature 
ET  - Evaporator temperature 
solv   - The specific volume of the solution 
 
 
 
 
 
 
 
 
 
